Introduction
Most theories of the aetiology of migraine'5, whether primarily vascular or neural, presuppose an inherited or constitutional fault producing on provocation a deficiency, dysfunction or defect either outside the brain affecting the cranial neurovasculature, platelet aggregation and the release of vascular amines, or within the brain affecting the limbic system or the hormonal and autonomic functions of the hypothalamus with alteration of threshold sensitivity to various stimuli. The diversity of hypotheses merely reflects present uncertainty over the initiating event in a migrainous attack and most of the early manifestations such as visual and gastric aurae, syncope and the march of symptoms due to the spreading depression of Leao, can be explained equally well either on the basis of hypoxia due to vasoconstriction or by alteration in sensitivity of the endogenous opioid system. If the multitude of factors which may provoke an attack are also incorporated into a causal hypothesis, that theory must be sufficiently flexible to account for the different patterns which can present in the timing of attacks:
A: An apparent rhythmicity between attacks (1) induced by natural or artificial hormonal changes, e.g. menstrual migraine6;
(2) associated with circadian rhythms of plasma cortisol7;
(3) with detectable patterns after analysis of apparently spontaneous attacks'; (4) as 'let down' headaches after periods of stress, e.g. weekend headaches.
B: Followingprodromas lasting 1-24 hours with evidence of altered mood or behaviour, sexual arousal, yawning, food craving, changes in bowel frequency or feelings of cold or fatigue.
(These symptoms are all suggestive of a primary hypothalamic disturbance.) C: Almost instantaneous induction (1) with no apparent antecedent; or (2) triggered by exercise, local facial or head pain, food allergies, smells, hypoglycaemia, artificial lighting, bad news, excitement or tension.
Once a migrainous attack has developed, the varied symptomatology which may include visual disturbances, nausea, pain and photophobia has a common result, namely to persuade the individual to withdraw from active participation and ifpossible to rest. Although animals get headaches, the occurrence of a migrainous diathesis appears to be unique to man. Thermoregulation The purpose of this paper is not to explain all the varied forms of migraine attacks but to direct attention to an under-evaluated mechanism which may be responsible for many attacks. The thermoregulatory system controlling brain temperature in most endotherms has evolved so as to work to maximum advantage during physical exertion. It remains relatively inefficient when the individual indulges in prolonged, sedentary mental activities.
In the course of exercise the intracerebral haemodynamics are scarcely altered. The level of cerebral blood flow is maintained at resting levels by a rise in cerebrovascular resistance at 38% despite increased cardiac output and a reduction of peripheral vascular resistance elsewhere of 33%/. There may be an initial rise in brain temperature but with continued exertion almost all mammals, including man, are able to keep brain temperature and internal carotid artery temperature below body core tempera-ture9. Panting increases convectional cooling of the skull base, and thence of cerebrospinal fluid (CSF) in the basal cisterns and blood in the venous sinuses, with a lowering of temperature by conduction in the inferior portion of the brain. Heat is lost by increased respiratory exchange through the upper respiratory tract, from the buccal mucosa and salivary glands, and by lows of surface heat from sweating and evaporation over the face'0. The venous blood in the basal plexus receives an increased proportion of cooled blood from the nasal and buccal mucosae, the surface of the face and the scalp.
Localized muscular sphincters in the walls of veins in the nares of rabbits11 and in the angularis oculi vein of man'2 are particularly rich in padrenergic receptors and have a dense sympathetic innervationI3. When contracted, cooled blood which would otherwise pass to the external jugular veins is diverted in the direction of the cavernous sinus. The cavernous sinus then provides a countercurrent heat-exchange system cooling the internal carotid arterial blood before it reaches the brain. Carotid artery cooling is at its most efficient in those animals who posess a carotid rete, with mixing of internal and external carotid arterial blood in thin-walled arteries as they pass through the venous sinuses below the brain. The rate of evaporative heat loss in panting mammals during exercise can reach levels that are more than double those occurring during rapid, shallow panting at rest. Not only is the volume of gaseous exchange increased, but there may be a twofold inerease in external carotid artery flow in the absence of any significant increase in intracerebral blood flow. With exercise, man is also able to achieve remarkable success in lowering brain temperature below 0141-0768/86/ 020087-03/$02.00/0 01986 The Royal Society of Medicine body core temperature. Thus Maron et al.'4 found that at an ambient temperature of 18.8°C, the deep trunk temperature of a marathon runner may rise to 41.9°C with no clinical sign of heat illness. Selective cerebral cooling was shown in 8 subjects immersed in warm water"5. Fanning of the arm produced a lowering of the body core temperature but fanning of the face led to a decrease in tympanic temperature even though the intra-oesophageal temperature continued to rise. With excessive fanning of the face at normal temperatures a secondary rise in intraoesophageal temperature can occur, suggesting the activation of heat production by the body. Similarly, at altitude, the lowering of brain temperature due to panting in a cold, rarefied atmosphere may be compensated for by the secretion of fl-endorphin (O Appenzeller, personal communication 1983).
At rest, panting, obvious mouth-breathing and twitching of the nostrils are socially unacceptable and there may be little change in respiratory rate, cardiac output or other parameters of bodily activity. Sighing, emotional expression and speaking may dissipate some heat, but the brain's metabolic activity is in a continual flux. Mental work is accompanied by EEG activation, an increase in cortical circulation leading to increased neuronal activity and an increase in oxidative metabolism'6. There is a differential enhancement of cerebral blood flow with cognitive activity: with verbal tasks the flow is mainly increased to the left hemisphere and with spatial activities to the right hemisphere"7. Brain metabolism is -further increased by talking, reading, writing or using the special senses to listen, observe or otherwise appraise the environment. Learning, thought and mood. are just some of the factors finely attuned to the biochemical actions of transmitter amines within the brain"8. All levels of the central nervous system are capable of thermal regulation, with each level facilitated or inhibited by levels above and below and the hypothalamus notably the preoptic region and posterior hypothalamusat the top of a thermoregulatory hierarchy'9. Thus thermoregulation is closely allied to other autonomic nervous system functions, the hypothalamic-pituitary-endocrine axis and the control of appetite, sweating, shivering, sexuality and circadian rhythms. Furthermore, brain and pituitary peptides may have a role in thermoregulation: for example, adrenocorticotrophic hormone (ACTH) and its precursor alpha-melanocyte stimulating hormone (a-MSH) can lower temperature, whilst fi-endorphin and other opioids raise temperature20. And Bligh2" was able to show that aminoacids injected into the preoptic region of the hypothalamus could specifically activate, inhibit or have a neutral effect on the neural pathways that activate both heat production and heat loss effectors.
Man has evolved a degree of control over thermoregulatory mechanisms at rest. Even when sedentary, the head is a major source of heat loss. The heat-exchange surface is enlarged by a hairless or shaven face, high forehead and balding scalp. Magilton et al.'2 measured right and left angularis oculi vein temperatures during periods of mental activity and mental rest, and both temperatures were asymmetrical. There was a consistent temperature drop during thinking, with a compensatory rise when thinking ceased. The superficial vessels of the nasal and buccal mucosa were sensitive to small changes in both ambient temperature and cerebral activity. Asymmetric angularis oculi venous temperatures and cyclic alternation of airflow patterns through the nostrils may lead to temperature differences in cerebral blood between the two hemispheres. Such differences may account for the occurrence of hemicranic migraine. Man is remarkable in his wealth of emotional facial expressions. All emotional reactions, even when sedentary, produce circulatory perturbations'9'22, contract facial muscles, regulate facial blood flow and in turn provide feedback information to the hypothalamus23 and activate the autonomic nervous system24.
Attacks of migraine may be ameliorated by pressure on or injection of a variety of trigger areas over the face and neck25. Increased facial or scalp tone as part of thermoregulatory activity may result in muscular contraction or tension headaches.
Stellar26 has argued that the same brain mechanisms are involved in physiological regulation, motivated behaviour and emotions, and in hedonic experience. Rats in whom temperature changes in the hypothalamus were induced by small, steel thermodes learned to respond selectively to small adjustments in hypothalamic temperature, and if given a choice between two different instrumental responses preferred to cool the brain rather than cool the skin27. Man has far greater control over his environment. In a double-blind experiment28, 12 people were asked to perform mental arithmetic whilst wearing a temperature-controlled helmet. A 1.010C rise in head temperature, as measured deep within the auditory meatus, facilitated the processing rate and accuracy of the task. If this finding is confirmed, it could explain why some people prefer to work in an overheated, stuffy atmosphere. It would suggest that the optimum conditions for mental work may not be ideal for other cerebral processes and therefore can only be pursued satisfactorily for a limited time.
Testing the hypothesis The hypothesis that maladjustment of thermoregulation can trigger migraine attacks has certain attractions. In the first place, the structures at risknamely the hypothalamus and intra-and extracranial arteriesare known to be involved in the majority of migraine attacks. Secondly, the hypothesis offers an explanation of the association between muscular-contraction headaches and migraine. Thirdly, it is basically an extension of the neural theory of a hypothalamic 'nerve-storm', originally advocated by Liveing29 and involving 'unleashed hypothalamic discharges' following a failure of central or autonomic adjustment'. And fourthly, it provides an explanation why common trigger factors acting upon the hypothalamus, such as circadian fluctuations, lack of sleep, hypoglycaemia and food allergies, do not invariably result in migraine. A concurrent maladjustment of thermoregulation could provide the necessary alteration in threshold sensitivity to induce an attack.
The obvious example of a headache associated with ther-mal change is the brief frontal pain that results from cold food contacting the roof of the oropharynx (ice-cream headache). The headpain is of short duration and progression into a migraine attack is not invariable. Environmental changesa stuffy room, a low humidity central-heating system, barometric changes or dusty conditions -can affect temperature regulation and readily induce attacks. Chronic headache and migraine may also follow any form of impairment of the upper respiratory tract, e.g. sinusitis, deformities of the nasal septum30, or airway impedance. Footballer's migraine may be a post-concussive syndrome, but bruising or injury to the muscles of the forehead could disturb neural feedback from the periphery to the hypothalamus.
For most sufferers a migraine attack causes withdrawal from the provoking situation and rest in a quiet, cool and dark room. Such withdrawal, as with nocturnal sleep, allows the recuperation of brain mechanisms. But there is an alternative therapy involving the use of the brain's highly sophisticated cooling system with exertion. Short-term physical exercise can in fact provoke migraine and briefly elevate the internal carotid artery temperature; but prolonged activity often leads to the abatement of a migraine attack. Arthur Ransome3", for example, used to go on a thirty-mile walk to recover from a severe migraine and others have advocated similar all-embracing activities. Exercise of this nature has the effect of stabilizing cerebral thermoregulation, as described by Baker32 in mammals and other endotherms.
